Abstract: Three metabolites of fucoxanthin were isolated from a brown alga, Scytosiphon lomentaria, and the structure of a new compound was determined by NMR.
Introduction
Deep seawater (DSW) is attracting biological and industrial interest because of the following advantages: (1) abundance of mineral nutrients, (2) cleanness (pathogen-and pollution-free), and
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(3) low temperature convenient for aquaculture. Kochi Prefectural DSW Laboratory is supplying about 1000 tons of DSW per day, and the water has been industrialized as a material for cosmetics, beverages, and foods such as miso (fermented soybean paste), tofu (bean curd), and dried fish.
Recently, the laboratory has started a new project that aims to use DSW as a cultivation medium for edible seaweeds based on the above-mentioned merits. Actually, it turned out that a green alga, Enteromorpha plolifera (Müller) J. Agardh, which is a valuable seafood in Japan, grew rapidly in the tank supplied DSW throughout the year. The average daily growth rate was 40% [1] . Mass production of this alga (3 ton dry weight per year) is in progress at the East Muroto Fishery Cooperative in Kochi Prefecture.
During the course of our study to obtain pharmacologically active compounds from the algae that are cultivated in DSW, we focused our attention on fucoxanthin (FUCOX) (1) [2] , a carotenoid commonly distributed in brown algae. FUCOX is a potent drug candidate and can be utilized as an excellent supplement like astaxanthin [3] , since it acts as an antioxidant [4] and inhibits GOTO cells of neuroblastoma and colon cancer cells [5] . Recently, the apoptosis activity against HL-60 and Caco-2 cells has been reported for FUCOX [6] . This paper deals with the content of FUCOX in four brown algae cultivated in DSW in addition to the structure determination of a new compound (2) isolated from Scytosiphon lomentaria (Lingbye) Link.
Results and Discussion
At first, a brown alga, Scytosiphon lomentaria, cultivated in DSW, was selected as a model for analyzing the content of FUCOX (1) . In order to obtain pure 1, the dichloromethane extract was subjected to flash column chromatography followed by preparative TLC and HPLC. By these procedures, pure 1 was obtained in 0.0081% yield from the crude extract together with compounds 2, 3, and 4. The identity of FUCOX was established by comparing its 1 H-and 13 C-NMR properties with those reported in the literature [2] . The structures of compounds 2, 3, and 4 will be 
a) Content of FUCOX in the brown algae cultivated in DSW
The isolation yield of FUCOX (1) described above does not reflect the actual content of 1 in S. lomentaria because of the loss sustained during the prolonged isolation procedure. For the purpose of determining the exact content of 1, the methanol (MeOH) extract of S. lomentaria was subjected to HPLC and UV analyses. The HPLC (Mightsil ® RP-18, 5 µm, 250 x 20 mm; 450 nm;
MeOH-H 2 O= 95:5) showed many peaks, a few of which were overlapped with the signal due to 1.
The UV spectrum showed a maximum at 450 nm ascribable to 1. This band, however, was obscured by those of concomitant chlorophylls. Therefore, we devised a quick and simple pretreatment method for separating 1 in the following manner.
The algal body of S. lomentaria was cut with a razor into pieces, which were stored in MeOH It can be seen that the content of FUCOX in the young thallus (5-10 cm long) algae (S1, L1, P1, and U1 in Fig. 1 ) is in the range 0.24 -0.43 mg/g and is not so different among the species. It is interesting that the content found in commercial dried U. pinnatifida (U2) is the same as that in the raw material (U1). This indicates that FUCOX is quite stable when mixed with the organic ingredients and survives the drying process and storage at ambient temperature, while pure FUCOX is susceptible to air oxidation. It is remarkable that the younger stages of the algae contain a higher content of FUCOX, S2/S1 = 2. Compounds 3 and 4 were identified as apo-9'-fucoxanthinone [7] and apo-13'-fucoxanthinone [8] , respectively, by comparing their 1 H-and 13 C-NMR properties with those reported in the literature. The deacetyl derivative of compound 3 was first isolated as an allelopathic substance from a grasshopper [9] and is reported to exhibit cytotoxicity against murine lymphoma L-1210 and human epidoemoid carcinoma KB cells [7] . Compound 4 has been obtained from marine diatoms, and it shows a feeding deterrent effect in a copepod [8] . 
Experimental
General remarks
1 H-and 13 C-NMR spectra were recorded on JEOL AL-400 ( 1 H at 400 and 13 C at 100 MHz, respectively) and Bruker AVANCE-400 ( 1 H at 400 and 13 C at 100 MHz, respectively) spectrometers.
IR spectra were measured on a PERKIN-ELMER 1720 FT-IR spectrophotometer. LR-MS spectra were taken on a JEOL JMX-DX 303 spectrometer. HR-MS spectra were taken under electron impact (EI) conditions using a JEOL JMS-SX102A spectrometer by direct inlet. Optical rotations were determined for solutions in ethanol on a JASCO DIP-370 polarimeter. CD spectrum was Other brown algae were cultivated essentially in the same manner. 
